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Printable Electromechanical Input Means and 
an Electronic Device Including Such Input Means 

TECHNICAL FIELD 

5 

The invention generally concerns the structures of electromechanical input means 
used to input data into compact-size electronical devices. Especially the invention 
concerns a novel electromechanical structure that facilitates advantageous physical 
implementation of touch pad and key pad type input means. 

10 

BACKGROUND OF THE INVENTION 

Electronic devices such as computers, personal digital assistants, portable telephone 
1 5 devices and the like all need input means for enabling a human user to input com- 
mands and other information. The most commonly used input means comprise key 
pads and touch pads. Both of these involve the concept of producing an electric signal 
as a response to a pressing movement made by the user; the difference between the 
two is mainly in that a key pad only offers a relatively small number of discrete 
20 pressing points or keys to be pressed, while a touch pad is capable of differentiating 
between a large number of pressing locations and can even provide truly continuous 
detection of movement of the depression across the pressable surface. The borderline 
between the two is not always very obviously discernible. 

25 Fig. 1 is an exploded cross-sectional view of a representative prior art key pad struc- 
ture. A supporting structural part of the key pad is a printed circuit board 101. On its 
top surface it has a layer 102 of conductive patterns that at certain locations constitute 
patches 102a of intertwined fingers. The conductive patterns are covered with a perfo- 
rated insulating layer 103, the holes of which coincide with the patches 102a. On top 

30 of the conductive layer there is the so-called domesheet 104, the domes of which are 
conductive on their concave side. Each dome is covered with an elastic key hat 105, 
and the whole arrangement is enclosed within an outer cover part 106 so that the key 
hats 105 protrude through respective holes in the outer cover part 106. Pressing a key 
hat 105 will cause a central part of the dome under it to bulge downwards, so that it 

35 forms an electrically conductive connection at one of the patches 102a. A piece of 

reading electronics (not shown) is coupled to the conductive patterns 102 and adapted 
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to detect, at which patch 102a did the connection occur. Said reading electronics 
translate this location information into an unambiguous electronic input signal. 

Touch pad input means come in a large variety of types, even including technical so- 
5 lutions that are relatively far from each other. Fig. 2 illustrates schematically a layered 
structure that can be used, with few modifications, for realizing a resistively coupling 
or a capacitively coupling touch pad. On the top surface of a printed circuit board 201 
there is an essentially uniform resistive layer 202, the opposing edges of which are 
equipped with conductive electrodes 203 and 204. The term "resistive" is used to de- 

10 scribe a material that is neither an insulator nor a conductor, but has a specific electric 
resistance that can be utilized to detect, how far did an electrical current have to 
propagate within said material. On top of the resistive layer 202 there comes an isola- 
tion web 205 and a second resistive layer 206, which also has conductive electrodes 
207 and 208 running along its opposite sides. The electrodes 207 and 208 of the sec- 

1 5 ond resistive layer 206 are located at different sides of the generally rectangular form 
of the resistive layers 202 and 206. The whole arrangement is covered with a protec- 
tive outer layer 209. 

In the touch pad of fig. 2 the isolation web 205, the second resistive layer 206 and the 
20 outer layer 209 are all elastically deformable to some extent. When the user presses 
some point of the outer layer 209 with the point of a stylus or other pressing means, 
an essentially point-like elastic deformation occurs that causes that point of the second 
resistive layer 206 to approach the first-mentioned resistive layer 202. In a galvani- 
cally coupling touch pad the deformation is large enough to cause the resistive layers 
25 to actually touch each other, while in a capacitively coupling touch pad it suffices to 
locally reduce the distance between the resistive layers so that the local change in ca- 
pacitance between the resistive layers is large enough to be detected. In any case a 
piece of detection electronics (not shown) is coupled to the electrodes 203, 204, 207 
and 208 and adapted to measure the resistive or capacitive characteristics of the cre- 
30 ated connection. Correlating the two simultaneous measurements obtained from the 
resistive layers 202 and 206 it is possible to deduce the location at which a depression 
occurred. 

Using continuous electrodes along the whole length of sides of the resistive layers is 
35 not the only possible alternative for coupling the resistive layers to reading electron- 
ics. Some other solutions employ discrete conductive wires connected to specific 
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points along the sides of the resistive layers, or even to certain intermediate points 
within the resistive layers. 

More seldom encountered touch pad technologies involve e.g. detecting a change in 
5 acoustic vibrations caused by the pressing means, or using a light-emitting stylus and 
observing the way in which light coming from the stylus tip propagates in a light 
guide that forms a part of the layered structure of the display. It is highly probable that 
new technological ideas continue to surface regarding the fundamental way in which 
an active layer translates a touch or a depression into an electrical signal representing 
1 0 its location of occurrence. 

The drawbacks of prior art key pads and touch pads are mainly related to the rela- 
tively large number of separate components and/or method steps required in their 
manufacture. As an example we may consider the touch pad structure of fig. 2. The 

15 printed circuit board 201, the isolation web 205, the second resistive layer 206 and the 
protective outer layer 209 are all separate components that must be manufactured, 
brought into an assembling machine, aligned properly, and attached to each other. 
Electrical connections must be established from the electrodes 203, 204, 207 and 208 
to the reading electronics. For lowering the manufacturing costs in mass production a 

20 simpler structure would be desirable. 

SUMMARY OF THE INVENTION 

25 It is an objective of the present invention to present an structure for electromechanical 
input means that is simple and only requires a small number of different parts and 
manufacturing steps. An additional objective of the invention is to provide a structure 
of the above-mentioned kind that is widely adaptable for use in different kinds of 
electromechanical input means. A further objective of the invention is to present a 

30 method for manufacturing structurally simple electromechanical input means, par- 
ticularly for portable electronic devices. A yet further objective of the invention is to 
present an overall structural solution for a portable electronic device that includes 
electromechanical input means of the kind mentioned above. 

35 The objectives of the invention are achieved by using a common support structure for 
at least two layers of the electromechanical input means, so that it becomes possible 



Express Mail No. EV 303713349 US 



3 



PATENT 

Attorney Docket No. 915-001.023 



to produce said at least two layers onto the support structure in a single processing 
step, after which said at least two layers can be stacked together by mechanically de- 
forming said support structure. 

5 Electromechanical input means according to the invention comprise: 

- a first layer of conductive or resistive material, 

- a second layer of conductive or resistive material, which second layer at least partly 
overlaps the first layer so that the overlapping parts of the first and second layers to- 
gether are responsive to touching or pressing to produce an electric input signal to the 

1 0 portable electronic device, 

- a dielectric support layer for the first layer, and 

- a dielectric support layer for the second layer; 

wherein at least a part of the dielectric support layer for the first layer continues past 
the first layer and is bent back to act as the dielectric support layer for the second 
1 5 layer. 

The invention applies also to an electromechanical functional module for a portable 
electronic device, which comprises: 

- a flexible printed circuit board for supporting electronic components and conductive 
20 tracks between electronic components, 

- a first layer of conductive or resistive material on a surface of the flexible printed 
circuit board, and 

- a second layer of conductive or resistive material on a surface of the flexible printed 
circuit board; 

25 wherein a portion of the flexible printed circuit board separates the first layer from the 
second layer, thus allowing the flexible printed circuit board to be bent around an 
imaginary axis crossing said portion of the flexible printed circuit board, so that after 
bending the second layer comes to at least partly overlap the first layer, and the over- 
lapping parts of the first and second layers together are then responsive to touching or 

30 pressing to produce an electric input signal to the portable electronic device. 

The invention applies also to a portable electronic device, which comprises: 

- a flexible printed circuit board, 

- an engine module, which is a microprocessor, attached and electrically connected to 
35 the flexible printed circuit board, and 
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- electromechanical input means for producing electric input signals for the engine 
module; 

wherein the electromechanical input means comprise a first layer of conductive or re- 
sistive material on a surface of the flexible printed circuit board, and a second layer of 
5 conductive or resistive material on a surface of the flexible printed circuit board, 
which second layer at least partly overlaps the first layer, and wherein the flexible 
printed circuit board acts as a dielectric support layer for the first layer and continues 
past the first layer and is bent back to act as the dielectric support layer for the second 
layer. 

10 

Additionally the invention applies to a method for manufacturing electromechanical 
input means. The method comprises the steps of: 

- producing a first layer of conductive or resistive material onto a surface of a dielec- 
tric support layer, 

15 - producing a second layer of conductive or resistive material onto a surface of the 
same dielectric support layer, into a non-overlapping location with said first layer, 

- producing conductive connections onto said dielectric support layer to facilitate 
conveying electric input means produced in said first and second layers to other parts 
of the portable electronic device and 

20 - bending the dielectric support layer into a position in which said first and second 
layers at least partly overlap each other. 

The resistive or conductive patterns and layers that constitute an important functional 
part of electromechanical input means seldom have sufficient mechanical and other 
25 properties to support themselves in the structure. A dielectric support structure, or al- 
ternatively a support structure of any conductive property from which the resistive or 
conductive patterns and layers are electrically isolated, is thus required. Most advan- 
tageously at least partly the same support structure is used both during manufacturing 
the resistive or conductive patterns and layers and also in the completed device. 

30 

A material that has proven to have many advantageous properties as a support struc- 
ture is flexible printed circuit board, commonly referred to shortly as flex. It com- 
prises a dielectric layer or a stack of sandwiched dielectric layers, typically made of 
polyimide or other polymeric isolation material, and an arrangement of conductive 
35 paths, vias and connection patches patterned upon the dielectric layer(s) for attaching 
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electronic components and for connecting such attached electronic components con- 
ductively to each other. 

According to the invention, electromechanical input means that comprise at least two 
5 resistive and/or conductive layers are manufactured by first producing said two layers 
onto a flex and then mechanically deforming said flex to make said two layers at least 
partly overlap with each other. This basic principle can be utilized in a variety of 
ways, giving rise to a number of embodiments of the invention, which can be classi- 
fied according to e.g. whether a touch pad or key pad is produced. 

10 

A first class of embodiments involves producing a touch pad that has two conductive 
or resistive layers separated from each other by resilient isolation means. The two 
conductive or resistive layers can be produced close to each other on the same side of 
a flex, which at this stage is still straight and flat. Any patterning process can be used, 

1 5 including but not being limited to vacuum deposition processes, ink jet printing, 
screen printing and photolithography. All electrical connections that are needed to 
connect parts of the conductive or resistive layers to each other and/or to reading 
electronics are also produced onto the various surfaces of the flex, using possibly also 
the surfaces of intermediate layers if a so-called multilayer flex is used. The resilient 

20 isolation means most advantageously constitute a layer that can be similarly produced 
on top of at least one of the conductive or resistive layers in the patterning process. 
After said layers have been produced, the flex is bent between the two conductive or 
resistive layers, so that these end up facing each other with only the resilient isolation 
means therebetween. This layered structure is ready to be used as the central part of a 

25 touch pad. In some specific embodiments even the separate provision of any layer for 
acting as resilient isolation means can be omitted. 

The conductive or resistive layers can be essentially continuous, in which case the re- 
sult is an analog touch pad in which the output signal is a continuous function of de- 
30 pressing location, and the detection electronics must be designed accordingly. As an 
alternative at least one of the conductive or resistive layers may comprise a striped 
pattern, so that the task of detecting the location of a depression is at least partly re- 
duced to simply detecting, in which stripe did the resulting connection occur. Both 
galvanically coupling and capacitively coupling touch pads may be produced. 

35 
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A second class of embodiments involves producing a key pad, in which there are only 
a limited number of allowable pressing locations. In these embodiments there are 
certain patterns in the conductive or resistive layers that constitute the switching 
points corresponding to and coinciding with said pressing locations. It is even possi- 
5 ble to cause a permanent mechanical deformation in the part of the flex that consti- 
tutes the support structure for one of the layers, causing a number of resilient domes 
to appear. These can be utilized to provide a more convenient tactile feeling to using a 
key pad according to an embodiment of the invention. 



10 

BRIEF DESCRIPTION OF DRAWINGS 



The novel features which are considered as characteristic of the invention are set forth 
in particular in the appended claims. The invention itself, however, both as to its con- 
1 5 struction and its method of operation, together with additional objects and advantages 
thereof, will be best understood from the following description of specific embodi- 
ments when read in connection with the accompanying drawings. 

Fig. 1 illustrates a prior art key pad structure, 
20 fig. 2 illustrates a prior art touch pad structure, 

fig. 3 illustrates a structural principle for a touch pad type embodiment of the 
invention, 

fig. 4 illustrates an alternative structure for a touch pad type embodiment of the 
invention, 

25 fig. 5 illustrates yet another alternative structure for a touch pad type embodi- 
ment of the invention, 
fig. 6 illustrates yet another alternative structure for a touch pad type embodi- 
ment of the invention, 
fig. 7 illustrates yet another alternative structure for a touch pad type embodi- 
30 ment of the invention, 

fig. 8 illustrates a structural principle for a key pad type embodiment of the in- 
vention, 

fig. 9 illustrates how a flex can be formed in order to produce a key pad type 
embodiment of the invention, 
35 fig. 10 illustrates utilizing a formed flex of the above-mentioned kind in a key 
pad type embodiment of the invention, 
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fig. 1 1 illustrates the use of alignment holes and pegs in a portable electronic de- 
vice according to an embodiment of the invention, 

figs. 12a-12d illustrate a portable electronic device according to an embodiment of the 
invention, 

5 fig. 13 illustrates an alternative way of placing components and bending a flex in 
a portable electronic device according to an embodiment of the invention, 
fig. 14 illustrates another alternative way of placing components and bending a 
flex in a portable electronic device according to an embodiment of the in- 
vention and 

10 fig. 15 illustrates schematically a method according to an embodiment of the in- 
vention. 



DETAILED DESCRIPTION OF THE INVENTION 

15 

The exemplary embodiments of the invention presented in this patent application are 
not to be interpreted to pose limitations to the applicability of the appended claims. 
The verb "to comprise" is used in this patent application as an open limitation that 
does not exclude the existence of also unrecited features. The features recited in de- 
20 pending claims are mutually freely combinable unless otherwise explicitly stated. 

Fig. 3 illustrates schematically how certain electromechanical input means according 
to an embodiment of the invention are manufactured. First there is a flex 301, which 
at this stage may already comprise a number of conductive patterns, vias, and attached 

25 components (these are not shown for graphical clarity). A first layer 302 and a second 
layer 303, which both are conductive or resistive, are produced onto one surface of the 
flex 301 relatively close to each other. The distance d between the first and second 
layers 302 and 303 is long enough to allow bending the flex 180 degrees around an 
imaginary axis that is close to the surface of the flex 301, at the midway between the 

30 first and second layers 302 and 303, and perpendicular to a shortest imaginary line 

connecting the first and second layers 302 and 303. Minimum values for the distance 
d are easily found from technical specifications of flex materials. 

In the next step shown in fig. 3 an additional layer 304 is produced on top of one of 
35 the first and second layers; here on top of the first layer 302. The additional layer 304 
is to act as resilient isolation means in the completed structure. Consequently it must 
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be web-like or consist of isolated spacer dots if the structure is to constitute a galvani- 
cally coupling touch pad, or compressible enough if the structure is to constitute a ca- 
pacitively coupling touch pad. From the manufacturing point of view it is most ad- 
vantageous if the additional layer 304 can be produced in a process step that is as 
5 similar as possible to, or at least technically as compatible as possible with the process 
step in which the first and second layers 302 and 303 were produced. That means that 
if e.g. a printing process of some kind was used to produce the first and second layers 
302 and 303, it is most advantageous if also the additional layer 304 can be produced 
by printing. However, even embodiments where a completely different process step is 
10 used to produce the additional layer 304 are within the scope of the invention: exam- 
ples include but are not limited to using a spraying gun to distribute a liquid layer that 
will solidify into place, or using the actuator arm of an industrial robot to sow a num- 
ber of discrete separator pieces onto at least one of the first and second layers 302 and 
303. 

15 

In the last step shown in fig. 3 the flex 301 is bent to bring the second layer 303 into 
exact coincidence with the stack consisting of the first layer 301 and the additional 
layer 304. The resulting structure would have been essentially the same even if the 
additional layer 304 had been produced onto the second layer 303, or even if the ad- 
20 ditional layer 304 had been produced partly onto the first layer 302 and partly onto the 
second layer 303. This last-mentioned fact is illustrated by the reference designator 
304 in parentheses in fig. 3. 

Whether the first and second layers 302 and 303 are continuous or web-like or 
25 whether they consist of differently directed striped patterns or other detection- 
enabling forms is not important to the present invention. Neither is the fact whether 
the resulting touch pad is of the galvanically coupling or the capacitively coupling 
type. These are all considerations that relate to previously known variations of touch 
pads. It would be well within the capability of the person skilled in the art to select the 
30 appropriate layer composition, material and thickness as well as the correct type of 
reading electronics, according to system level requirements. 

Fig. 4 illustrates an alternative embodiment of the invention in which separate resil- 
ient isolation means are not needed. The first layer 302 and the second layer 303 are 
35 produced on different sides of the flex 301, and the flex is subsequently bent to form a 
stack in which a part of the flex 301 remains between the first and second layers 302 
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and 303. For this embodiment of the invention to work it is necessary that the material 
of the flex is compressible enough so that pressing one point of the resulting stack of 
layers will cause the first and second layers 302 and 303 to locally approach each 
other enough to cause e.g. a distinctive capacitive coupling through the flex material. 
5 It is possible to combine the "different sides" embodiment of fig. 4 with the use of 
separately produced resilient isolation means, if the compressibility of the flex is not 
sufficient; in that case an additional layer (not shown in fig. 4) acting as the resilient 
isolation means should be produced on top of the first layer 302 or between the flex 
301 and the second layer 303. 

10 

The layers that take part in the constitution and operation of the touch pad are not 
limited to the first and second layers 302 and 303 and the additional layer 304 that 
acts as resilient isolation means. Fig. 5 illustrates how there are first produced the first 
and second layers 302 and 303 onto one surface of the flex 301. A third layer 501 is 

15 produced onto the opposite surface of the flex 301 so that it coincides spatially with 
the second layer 303. The order of the layer- forming steps could easily be changed so 
that the third layer 501 was produced first and the first and second layers 302 and 303 
only thereafter. An additional layer 304, which in the completed structure will act as 
the resilient isolation means, is produced on top of at least one of the first and second 

20 layers 302 and 303. Then the flex is bent to bring all layers into stacked formation, in 
which the layers are from to down the third layer 501, the flex 301, the second layer 
303, the additional layer 304, the first layer 302 and the flex 301. 

The purpose of the third layer 501 in the structure is not limited by this invention. For 
25 example, it may be just a grounded conductive layer that forms a part of an EMI 

(electromagnetic interference) shielding arrangement or shielding against static dis- 
charges. On the other hand it may also have a clear functional task as a part of the 
touch pad, if the touch pad employs e.g. some multilayer principle in which location 
information is collected from more than two layers. In the latter case it must be noted 
30 that certain specific compressibility requirements may apply to the material of the 

flex, if the process of producing and detecting location information requires the touch 
or depression to cause some local interaction between the second and third layers 303 
and 501. 

35 Fig. 6 illustrates an alternative touch pad embodiment in which the first and second 
layers 302 and 303 are originally produced closer to each other on the flex than the 
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minimum separation d that would allow safely bending the flex. Prior to or in asso- 
ciation with the bending step the flex is purposefully cut between the first and second 
layers 302 and 303. This embodiment is especially applicable to structures where no 
electrical connections to the second layer 303 are needed, because cutting the flex will 
5 naturally preclude continuous galvanic connections. In comparison to prior art solu- 
tions where the layers of the touch pad were independently manufactured, first manu- 
facturing the first and second layers 302 and 303 onto the common support structure 
(the flex 301) and only thereafter separating them from each other offers the advan- 
tage of facilitating easier handling of the components during those process steps 
1 0 where the layers are produced. 

Fig. 7 illustrates yet another multilayer touch pad type embodiment of the invention. 
In the structure illustrated therein, there are first produced the first and second layers 
302 and 303 as well as a third layer 501, all onto the same side of the flex 301. An ad- 

1 5 ditional layer 304 is produced onto the second layer 303; it could also be produced 
onto the third layer 501. The flex 301 is first bent once 180 degrees around an imagi- 
nary axis midway between the second and third layers 303 and 501, which brings said 
layers into a stacked configuration, with the additional layer 304 acting as resilient 
isolation means therebetween. Then the flex 301 is bent again 180 degrees, this time 

20 around an imaginary axis midway between the first and second layers 302 and 303. 
Before the last bending it would have been possible to produce yet another additional 
layer (not shown) onto the first layer 302 (or even originally between the flex 301 and 
the third layer 501). In the resulting stack there are, from top to down, the flex 301, 
the second layer 303, the additional layer 304, the third layer 501, the flex 301 again, 

25 the first layer 302 and the flex 301 yet again. 

We will now move on to describe the key pad type embodiments of the invention. 
Fig. 8 is a cross-sectional view through a key pad type embodiment of the invention. 
The common support structure for conductive or resistive layers is again a flex 301. 

30 There is a first layer 302, which in this case is particularly conductive and comprises a 
matrix arrangement of contact pads 801 . For persons that are used to working with 
key pads it is most natural to think about the contact pads 801 being located in a 
regular matrix arrangement, although the invention naturally does not exclude them 
from being in whatever arrangement. The end of the flex 301 that has been bent over 

35 to cover the first layer 302 comprises a second layer 303, which also is particularly 
conductive in this embodiment and comprises contact pads 802, the locations of 
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which correspond to the locations of the contact pads 801 of the first layer 302. There 
is an additional layer 304 that acts as resilient isolation means and keeps the first and 
second layers 302 and 303 (and particularly the contact pads 801 and 802) from 
touching each other when no pressing forces exist. The additional layer 304 has 
5 openings at the locations of the contact pads 801 and 802; the additional layer 304 
could also consist of separate spacer particles, none of which is located on any of the 
contact pads 801 and 802. 

The stacked configuration of layers consists of, from top to down, the flex 301, the 
10 second layer 303, the additional layer 304, the first layer 302 and again the flex 301. 
On top of this stacks there are key hats 803 that can be separate from each other or 
constitute a continuous key mat. Each key hat 803 is located on top of a pair of con- 
tact pads 801 and 802. There are typically other structural parts such as outer cover 
parts to hold the key hats 803 in place and to allow them to move in the vertical di- 
1 5 rection, but such other structural parts are not shown in fig. 8 for graphical clarity. 

The idea is that when a key hat 803 is pressed, the actuator on its lower side causes a 
local deformation in the flex part directly under it, whereby the corresponding contact 
pad 802 of the second layer 303 bends downwards and touches the corresponding 
contact pad 801 of the first layer 302. 

20 

Figs. 9 and 10 illustrate an even simpler key pad type embodiment of the invention, 
which takes advantage of the fact that the polymer material of the flex is not only re- 
silient under normal conditions but also appropriate for essentially permanent defor- 
mations, where "permanent" means that the deformation exists in a certain form when 

25 no forces act upon it, but it can be further elastically deformed by using a sufficiently 
weak force. Especially in the embodiment of figs. 9 and 10 there are formed, at one 
part of the flex 301, a number of domes 901. Each dome 901 is a kind of bubble-like 
formation, in which the material of the flex 301 bulges out from the plane defined by 
the otherwise planar form of the flex 301 in unbent state. The domes 901 may be pro- 

30 duced e.g. by pinching the appropriate points of the flex 301 between a pair of mutu- 
ally engaging concave and convex jaws, possibly applying also heat. If a completed 
dome 901 is pressed from its convex side, at least a central part of the dome bulges 
into the concave side, but the dome reassumes its original form when the pressing 
force is removed. 

35 
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In fig. 9 the flex 301 has a first conductive layer 302 on its first surface and a matrix 
arrangement (or any arrangement) of domes 901 next to the first conductive layer 301. 
A second conductive layer 303 comprises conductive patches on the concave sides of 
the domes 901 . Fig. 10 is a cross-sectional view of the structure that results when the 
5 flex 301 of fig. 9 is bent 180 degrees around the imaginary axis 902 midway between 
the first conductive layer 302 and the matrix of domes 901. It is easy to deduce that if 
in the structure of fig. 10 one of the domes 901 is pressed from above, the conductive 
inside of that dome comes into contact with the part of the first conductive layer 302 
immediately next to it. 

10 

In an analogous way with the touch pad type embodiments of the invention it is not 
important, what is the actual composition of the first and second layers 302 and 303. 
One basic category of layer compositions involves making the first layer 302 to com- 
prise patches of intertwined fingers, so that when a key is pressed, the conductive in- 

1 5 side of a downwards bulging dome causes an electrical connection between the in- 
tertwined fingers, without essentially any electric current flowing through the second 
layer 303. Another basic category calls for making the conductive inside of each 
dome the second pole of the switch in question, so that when the dome bulges down- 
wards, electrical current flows between the first layer 302 and the second layer 303. 

20 Combinations and variations of these basic approaches are possible. 

In practical electromechanical input means according to the invention, especially in 
touch pad type embodiments, it is important to keep the layers of the structure from 
moving in relation to each other. Fig. 1 1 illustrates a simple structural solution with 

25 which unintentional movement of the layers can be excluded. An electronic apparatus 
typically comprises an outer cover part 1001 or some other solid body part that acts as 
a support structure for the whole device. In fig. 10 such a part comprises pegs 1002, 
and the flex 301 comprises holes 1003 along the sides of those parts of the flex that 
comprise the first and second layers (not shown in fig. 10). In an assembled device the 

30 pegs 1002 go through the holes 1003 and keep the appropriate parts of the flex 301 
from moving. 

We will conclude by explaining certain structural solutions for portable electronic de- 
vices that employ electromechanical input means of the kind described above. Figs. 
35 12a, 12b, 12c and 12d together illustrate how a portable electronic device, particularly 
a portable telephone device can be built onto a flex 301. Fig. 12a illustrates one side 
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of the flex with components attached thereto, fig. 12b illustrates the opposite side of 
the flex with components, and fig. 12c is a side view of the flex and the components 
when the flex has been bent into a form in which it will apper in a completed portable 
telephone device. 

5 

A central functional component of the portable telephone device is the so-called en- 
gine module 1201, which is a custom-built microprocessor. In the structure of figs. 
12a, 12b, 12c and 12d the engine module 1201 is located at a central location on the 
surface of an elongated flex 301. At one end of the elongated flex 301 there is a dis- 

10 play 1202, which is for example a liquid crystal display or a TFT (Thin Film Transis- 
tor) display. Electrical connections between the engine module 1201 and the display 
1202 are realized as conductive tracks on the flex 301. In the present structure these 
connections go through a separate display interface module 1203, but it is possible to 
build all display-driving functions as a part of either the engine module 1201 or the 

1 5 display 1 202, thus eliminating the need for any separate interface modules therebe- 
tween. 

Another component on the flex 301 is a user interface module 1204, which imple- 
ments the functional interface between the engine module 1201 on one hand and a 

20 loudspeaker 1205, a microphone 1206 and electromechanical input means on the 

other hand. The last-mentioned comprise first and second layers 302 and 303 on one 
surface of the flex 301. There is also a power interface module 1207 and a battery 
connector 1208 attached to the flex 301 and having electrical connections to the en- 
gine module 1201. A yet another component on the flex 301 is a radio frequency 

25 module 1209, which comprises at least an antenna and certain radio frequency com- 
ponents connected thereto in order to enable the portable telephone device to set up 
and maintain radio connections with base stations. 

During an assembly stage the flex 301 is bent 180 degrees around axes 902 and 1210, 
30 so that if the bending starts from the position shown in fig. 12b, both ends of the flex 
are bent "outwards" from the plane of the drawing. In the completely bent form shown 
from one side in fig. 12c the bottom of the radio frequency module 1209 coincides 
with one part of the bottom of the engine module 1201, which facilitates direct con- 
nections through vias in the flex 301 between the radio frequency module 1209 and 
35 the engine module 1201 . A battery pack 1211 is to attached to the battery connector 
1208 so that a planar surface of the battery pack 1211 becomes a mechanical support 
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surface of that part of the flex 301 that comprises the first and second layers 302 and 
303 of the electromechanical input means. In other words, when the electromechani- 
cal input means are operated by touching and/or pressing, the mechanical stiffness of 
the battery pack 1211 keeps the whole flex 301 from bending to any macroscopical 
5 extent. 

Also visible in fig. 12b are the electrode strips 1212 and 1213 along the "north" and 
"south" sides respectively of the first layer 302, and the electrode strips 1214 and 
1215 along the "east" and "west" sides respectively of the second layer 303. In this 
1 0 embodiment we assume, in other words, that the electromechanical input means com- 
prise a touch pad based on continuous layers of known homogenous resistivity, which 
is one of the functional principles of touch pads known as such from prior art. 

Fig. 12d illustrates how the completed flex is placed between two outer cover parts 
15 1221 and 1222. The upper outer cover part 1221, which will cover the electrome- 
chanical input means, must be designed to allow a human user to operate the elecro- 
mechanical input means. For example, the upper outer cover part 1221 may be made 
thin and flexible enough at the location 1223 that will cover the electromechanical in- 
put means, so that the last-mentinoned can be operated through the outer cover part 
20 1221 . Alternatively there may be an opening or a separate, thin shielding window at- 
tached to the outer cover part 1221 to enable operating the electromechanical input 
means. 

Figs. 13 and 14 illustrate certain variations of how the components can be placed and 
25 how the flex could be bent in a portable electronic device according to the invention. 
Reference designators are the same as in previous figures. The embodiments of both 
figs. 13 and 14 include the assumption that the flex 301 is transparent and can be 
folded over the visible side of a display 1202, so that said display and the first and 
second layers 302 and 303 of the electromechanical input means actually implement a 
30 touch-sensitive display. In fig. 13 the flex 301 is bent into an S-like form, while in fig. 
14 the flex is on a "roll". Corresponding alternative embodiments can be presented 
also without assuming that the display and the electromechnical input means should 
be stacked on top of each other. 

35 Fig. 15 is a simple schematical illustration of a method according to an embodiment 
of the invention. It comprises the steps of: 
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- producing 1501 a first layer of conductive or resistive material onto a surface of a 
dielectric support layer, 

- producing 1502 a second layer of conductive or resistive material onto a surface of 
the same dielectric support layer, into a non-overlapping location with said first layer, 

5 - producing 1503 an additional layer of insulating material on top of at least one of 
said first and second layers to act as resilient isolation means, 

- producing 1504 conductive connections onto said dielectric support layer to facili- 
tate conveying electric input means produced in said first and second layers to other 
parts of the portable electronic device and 

10 - bending 1505 the dielectric support layer into a position in which said first and sec- 
ond layers at least partly overlap each other. 

The mutual order of steps 1501 and 1502 can be changed, and step 1504 can be 
placed before steps 1501 and 1502, between them or directly after them. Step 1503 is 
15 not necessary if the structure to be produced does not require an additional layer to act 
as resilient isolation means. 

In the description above the applicability of the invention has been illustrated with 
specific examples, but these should not be construed as limiting. For example, the di- 

20 electric support layer for the first and second layers has been consistently referred to 
as a flex; however, the same principle of allowing at least a part of the dielectric sup- 
port layer of a first layer to continue past the first layer and bending it back to act as 
the dielectric support layer for the second layer can be realised with any dielectric 
material having suitable flexibility. The specific advantages of using a flex are related 

25 to the possibility of using the very same flex also as the carrier of conductive tracks, 
vias and connection patches so that in an optimal case only a single dielectric support 
layer is needed for all electrically functional components of a portable electronic de- 
vice. Similarly while the description has consistently referred to an additional layer 
between the first and second layer, which additional layer should act as resilient iso- 

30 lation means, such a layer is not actually necessary if the first and second layers can 
be kept at a suitable distance from each other with other means, like using a suppor- 
tive rim along their perimeter and counting on the resilience of the dielectric support 
layer. 
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